Although both hepatic fibrosis progression and hepatitis C virus (HCV) contribute to hepatocellular carcinoma (HCC) development, early detection of HCC remains challenging. Therefore, we evaluated clinical markers of fibrosis in HCV patients to improve early HCC diagnosis.
Background
Hepatocellular carcinoma (HCC) is the fifth most common type of cancer among men and the ninth most common type of cancer among women, making it a global health concern [1,2]. Infection with hepatitis B virus (HBV) or hepatitis C virus (HCV) and excessive alcohol consumption are major factors that contribute to developing HCC [3, 4] . There is increasing evidence that non-alcoholic fatty liver diseases (NAFLDs) are strongly associated with the incidence of HCC [5] . Moreover, chronic HCV infection causes approximately 25% of HCC cases worldwide [4] . In fact, half of the increased HCC prevalence over the past 20 years is attributed to HCV [6, 7] .
HCC risk is closely linked with liver fibrosis progression in patients with chronic HCV infection. Fortunately, liver fibrosis can be evaluated and predicted by several non-invasive blood scores such as the aspartate transaminase (AST)-to-platelet ratio index (APRI), the fibrosis index based on 4 factors (FIB-4), the gamma-glutamyl transpeptidase (GGT)-to-platelet ratio (GPR), and the AST-to-alanine aminotransferase (ALT) ratio (AAR) [8, 9] .
In addition to liver fibrosis progression, aging is another factor associated with an increased risk of HCC development [10] . Among the fibrosis scores, the FIB-4 incorporates routinely available clinical data including age, AST, platelet count (PLT), and ALT level [11, 12] according to Sterling's formula [9] as follows:
[Age (years)×AST (IU/L)]/[PLT (10 9 /L)×ALT 1/2 (IU/L)]
Because the FIB-4 considers both liver fibrosis and age, it may be capable of predicting the risk of HCC development [13] .
Here, we assessed the performance of 4 non-invasive measures of inflammation and fibrosis for HCC diagnosis in 711 Chinese chronic HCV patients.
Material and Methods

Patient selection
This was a cross-sectional study of patients with chronic HCV infection (CHC) to assess non-invasive inflammatory and fibrosis indices for HCC diagnostic utility. We included 818 patients with CHC who had been hospitalized at the First Hospital of Jilin University in China from January 2010 to June 2016 and had complete medical data available for the study. CHC was diagnosed based on the serum presence of anti-HCV antibodies and HCV RNA for 6 months or longer. Of the CHC patients, 249 had HCC (cases) and 569 had CHC only. After matching sex distribution to the HCC group, 462 patients with CHC only were included as control patients.
History or evidence of the following conditions resulted in exclusion during patient recruitment: human immunodeficiency virus infection, HBV infection, other hepatitis infections, and any form of cancer or liver disease, such as non-alcoholic fatty liver disease or alcoholic liver disease.
Diagnosis of compensated liver cirrhosis and HCC
Liver cirrhosis diagnoses were confirmed by liver biopsy or a combination of clinical, biochemical, and radiological findings. All compensated liver cirrhosis cases in this study were liver cirrhosis with Child-Pugh class A disease [14, 15] . HCC diagnoses were confirmed by: (1) biopsy; (2) computerized tomography and magnetic resonance imaging followed by a portal venous phase washout scan to observe arterial hypervascularization within a lesion; or (3) positive imaging associated with alpha-fetoprotein levels >400 ng/mL. The Independent Institutional Review Board of the First Hospital of Jilin University approved the study protocol. All participants gave written informed consent before study enrollment.
FIB-4, APRI scores, AAR, and GPR
FIB-4 was calculated as follows [11] : APRI was calculated as follows [16] : APRI=(AST/upper limit of normal)/PLT (10 9 /L)×100
The AST upper limit was 40 IU/L and ranged from 7 to 40 IU/L.
AAR was calculated as follows:
AAR=AST (IU/L)/ALT (IU/L) GPR was calculated as follows:
GPR=GGT (IU/L)/PLT (10 9 /L)
Study variables
The demographic and clinical data analyzed here included sex; age; and the presence of diabetes mellitus (DM), gallstones, and liver cirrhosis. The following biochemical parameters were also examined: PLT, AST, ALT, gamma-glutamyl transpeptidase (GGT), alkaline phosphatase (ALP), total bilirubin (TBiL), albumin (ALB), cholinesterase (CHE), FIB-4, APRI, AAR, and GPR.
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Statistical analysis
Continuous variables were assessed for normal distribution, compared by independent-samples t tests, and are described using the median and the 25th and 75th percentiles. Categorical variables were compared for significance using chi-square tests and are defined as numbers and percentages. The performances of the FIB-4, APRI, GPR, and AAR in the diagnosis of compensated liver cirrhosis and HCC were determined by receiver operating characteristic (ROC) curves and the areas under the ROC (AUROC) curves [17] . The AUROCs were then compared by Z tests using MedCalc Statistical Software version 16.1 (MedCalc Software bvba, Ostend, Belgium). Maximization of the sum of the sensitivity and specificity or optimization at a minimum of 95% specificity were used to determine the predictive diagnostic cutoffs. Sensitivity, specificity, predictive diagnostic cut-offs, and the percentage of correctly classified cases were used to assess diagnostic accuracy. Adjustment for potential confounding variables was accomplished by multivariate logistic regression. The adjusted odds ratios (AORs) and 95% confidence intervals (CIs) were calculated, and all comparisons were made using 2-tailed tests, as appropriate, using SPSS, version 13.0 (SPSS, Inc., Chicago, IL, USA). The threshold for statistical significance in all comparisons was P<0.05. Table 1 summarizes the demographics and clinical features of the study participants. The diagnostic records obtained for each participant indicated that 462 patients had only CHC and 249 patients had HCC. The HCC patient group was composed of 45.8% males, and the mean age was 62.00 (58.00, 67.00) years. CHC-only patients were defined as the control group and were sex distribution-matched to the HCC group. The CHC-only group was composed of 47.4% males, and the mean age was 59.00 (54.00, 66.00) years. The presence of liver cirrhosis and gallstones was significantly higher in HCC patients compared Interestingly, multivariate analyses did not show significant differences in PLT, GGT, ALP, or TBiL levels between HCC and CHC-only patients.
Results
Baseline patient characteristics
Diagnostic performance of non-invasive blood tests for compensated liver cirrhosis and HCC
Using the estimated AUROC to predict HCC, we found that the performance of FIB-4 (AUROC=0.961, 95% CI 0.948-0.974, P<0.01) was better than GPR (AUROC=0.661, 95% CI 0.619-0.702, P<0.01), APRI (AUROC=0.636, 95% CI 0.593-0.678, P<0.01), and AAR (AUROC=0.746, 95% CI 0.709-0.783, P<0.01) (Table 3, Figure 1A ).
We further estimated the AUROC to predict compensated liver cirrhosis (CLC) in CHC patients. We excluded 249 HCC patients and 31 liver cirrhosis patients with Child-Pugh class B or C disease from the analysis. We used the FIB-4, APRI, GPR, and AAR indices to evaluate the remaining CHC patients for compensated liver cirrhosis ( Figure 1B) . FIB-4 HCV -hepatitis C virus; HCC -hepatocellular carcinoma; AOR -adjusted odds ratio; CI -confidence interval; PLT -platelet count; AST -aspartate aminotransferase; ALT -alanine aminotransferase; GGT -gamma-glutamyl transpeptidase; ALP -alkaline phosphatase; TBiL -total bilirubin; ALB -albumin. # P value for univariate analysis; *Adjusted for gender, age, liver cirrhosis, ALB, TBiL, AST, ALT, GGT, ALP, and PLT; ** P value for multivariate analysis.
7246 performance (AUROC=0.775, 95% CI 0.720-0.831) was superior to APRI (AUROC=0.667, 95% CI 0.603-0.732, P<0.05), GPR (AUROC=0.597, 95% CI 0.535-0.659, P<0.01), and AAR (AUROC=0.671, 95% CI 0.614-0.728, P<0.05).
Non-invasive diagnostic test cutoffs for compensated liver cirrhosis and HCC prediction
The optimal cutoff value, sensitivity, specificity, PPV, NPV, and percentage of correctly classified cases of compensated liver 
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cirrhosis and HCC, respectively, for each non-invasive blood test are listed in Table 4 . Maximization of the sensitivity and specificity sum revealed that the optimal FIB-4 cutoffs were 1.24 and 2.18 for compensated liver cirrhosis (CLC) and HCC diagnosis, respectively. For CLC diagnosis, we found that the sensitivity was 68.4% and the specificity was 76.1%. The percentage correctly classified was 74.7%. Additionally, the sensitivity and specificity of HCC diagnosis were 92.4% and 87.2%, respectively. The percentage correctly classified was 89.0%. Overall, the FIB-4 was found to be highly reliable for diagnosis of significant CLC and HCC.
Discussion
Here, we demonstrate that FIB-4 was able to predict HCC development in CHC patients. At a cutoff of 2.18, FIB-4 predicted HCC with 92.4% sensitivity and 87.2% specificity. Moreover, HCC was correctly classified in 89.0% of cases, with an AUROC of 0.961, which suggests that FIB-4 has superior diagnostic abilities compared to other non-invasive liver fibrosis indices.
Liver fibrosis and cirrhosis have been previously shown to be associated with HCC, and FIB-4 is known to be a good predictor of cirrhosis and fibrosis. Together, these findings and our present results (the association of higher AST and older age with HCC development) indicate that FIB-4 is a promising diagnostic tool for HCC development.
FIB-4 and liver cirrhosis have been correlated with HCC incidence in previous studies [18] [19] [20] [21] [22] . In addition to predicting liver fibrosis, FIB-4 has been measured in HCV patients and can define groups at high risk for HCC [8] . FIB-4 also showed modest diagnostic ability for predicting liver fibrosis in chronic HBV patients in a recent meta-analysis [23] . Further, FIB-4 is a valuable measure in HCC screening, as demonstrated in a study of HBsAg carriers in which high FIB-4 scores in HBsAg carriers were associated with elevated HCC risk [24] . High FIB-4 scores also predict HCC in people with moderate or heavy alcohol consumption [25] and in HIV patients [22] .
In comparison to FIB-4, other diagnostic tools have reported superior diagnostic capabilities for liver fibrosis and HCC [26, 27] . For example, transient elastography is routinely used to diagnose liver fibrosis, with high accuracy. Nevertheless, FIB-4 has several diagnostic advantages over transient elastography. Transient elastography measurements are sometimes impossible to obtain in severely obese patients [28] , and measurement reproducibility is reduced in patients with steatosis, higher body mass indexes, and lower levels of liver fibrosis [29] . Moreover, ultrasonography of liver elasticity is not universally available. In contrast, FIB-4 is calculated based on variables that are ascertainable from a general blood test and can therefore be measured in most patients. The only variables necessary to calculate FIB-4 are age, AST, ALT, and PLT. Moreover, because measurement of these variables is routinely performed during examination of liver disease patients, FIB-4 can be calculated without additional blood collection or cost.
In addition to FIB-4, we also assessed the diagnostic ability of AAR, APRI, and GPR indices. The AAR is a validated diagnostic measure that is used for assessment of liver fibrosis [30, 31] . In fact, the AAR and liver cirrhosis have been shown to be significantly correlated [32] . Specifically, an AAR greater than 1.0 is suggestive of cirrhosis in non-alcoholic liver disease patients. However, in the present study, AAR did not show high diagnostic ability for HCC prediction [33] . This observation is consistent with a recent study showing that the AAR had reduced diagnostic ability to detect fibrosis (AUROC=0.66) in comparison to APRI (AUROC=0.79) and FIB-4 (AUROC=0.81) [34] . In addition, Kim et al. recorded a similar AAR AUROC of 0.64 [35] .
Although the APRI is considered inferior to the FIB-4 for the detection of overall and advanced (F3-F4) fibrosis [36] , it is an important marker for the prediction of long-term outcomes in patients with HCV infection who have received interferon therapy [19] . In addition, the GRP performed adequately in the detection of liver fibrosis in some previous studies [37] . It is not surprising, however, that the APRI and the GPR were poor predictors of HCC in our study, with AUROCs of 0.636 and 0.661, respectively. Consistent with our results, Mobarak et al. found a similar AUROC for the APRI [13] . The poor performance of the APRI in the prediction of HCC might be a reflection of the complex nature of HCC, which involves many factors in addition to fibrosis progression.
The limitations of our study include its retrospective nature and the lack of detailed information on HCV RNA levels, HCV types, and history of HCV therapy. Further investigation is necessary to define the association between inflammatory markers and to develop a uniform diagnostic method for HCV patients. Secondly, the study design may have introduced bias, potentially resulting in underestimation of the sensitivity and overestimation of the specificity of the non-invasive diagnostic indices [38] .
